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ABSTRACT 

Personalised nutrition uses individual data to optimise dietary recommendations for better health results. 
The rapid growth of artificial intelligence (AI) provides an innovative solution to the issues of this 
industry. AI can process massive and complicated datasets, such as genetic, phenotypic, and behavioural 
data, to generate highly personalised nutrition recommendations. Machine learning methods, ranging 
from grouping and prediction to deep learning, allow for the discovery of food patterns, health effects, and 
individualised nutritional requirements. This study investigates the use of AI in personalised nutrition, 
including existing applications and future perspectives needed to overcome problems such as data 
interoperability, ethical considerations, and model interpretability. 
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INTRODUCTION 


Recent years have seen a surge of interest in personalized nutrition, fueled by various scientific and 
technological advances, as well as trends in the food and pharmacological industries. Consumers and 
healthcare professionals alike are increasingly aware of how diet and nutrition can determine a person's 
health and are seeking ways to optimize dietary choices for healthy living and disease prevention. 
Technologies such as big data, the Internet of Things, and wearable sensors provide tools for improved 
personalized data collection, while advances in biotechnology increasingly allow the development of 
personalized nutrition solutions [1, 2]. At the same time, artificial intelligence and more specifically 
machine learning have achieved groundbreaking successes in various application domains, with deep 
learning used for image recognition and reinforcement learning revolutionizing areas such as machine 
control and gaming in the last decade. While many of these applications center around general-purpose or 
industrial problems, we argue that the success of AI can also be leveraged to solve domain-specific 
challenges nutrition faces today. This is especially important in the case of personalized nutrition where 
recommendations should consider individual variance. It isn't just about the macro- and micronutrient 
intake, which current technology could already address, but also about ingredient and recipe 
contributions to food organoleptic properties that matter to consumers [3, 4]. 
FUNDAMENTALS OF PERSONALIZED NUTRITION 

Personalized nutrition is an interdisciplinary field that involves the use of data related to individuals to 
develop specific recommendations with the express purpose of helping people make meaningful behavior 
and lifestyle changes. Personalized nutrition is viewed as an approach, or a multi-faceted process, rather 
than as an endpoint in itself. Personalized nutrition involves an iterative process that moves individuals 
between four realizations: 1) prediction of the metabolic composition of an individual’s diet by machine 
learning; 2) recommendation of best-fit diet based on an individual’s health and genetics; 3) measurement 
of both the outcome of the diet and feedback; and 4) integration of individualized nutritional and 
microbiome data with expert domain knowledge. Nutritional health, regulatory mechanisms, and social 
interactions all play substantial and interacting roles in determining human health and variation between 
different individuals [5, 6]. Personalized nutrition research is, however, still in its infancy. Many 
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scientists, nutritionists, and public health professionals, specializing in not only human diet and nutrition 
but also agriculture, food science, dietary supplements, microbiome, bioinformatics, mathematical 
modeling, and personalized health and behavior, are starting to use new technologies to integrate 
nutrition with health. At present, personalized nutrition is enabled by direct involvement of consumers 
and can be facilitated by data analysis techniques including artificial intelligence, machine learning, and 
data mining that process aggregated data for health benefits. These data sources contain information with 
different dimensions and from different levels such as lifestyle, genomics, variables related to health 
metrics such as glucose, cholesterol levels, and chronic diseases, and specific indicators of behaviors and 
emotions such as stress, sleep, and physical activity [1, 7]. 
FUNDAMENTALS OF ARTIFICIAL INTELLIGENCE 

Vastly considered synonymous with actual intelligence, the term "intelligence" refers to the ability of 
learning, understanding, and knowing. Moreover, artificial intelligence is an area in computer science that 
studies the creation of machines that think and function like humans. Informally, intelligent devices 
display an understanding capability that can be performed by a human. The theory and development of 
computer systems capable of performing tasks that require human intelligence are implemented in the 
conception, construction, and improvement of robots and algorithmic programs. While AI may offer 
numerous benefits to all sectors, nutrition science is scarcely integrating technologies, including AI. 
Artificial intelligence methods and interventions are powerful tools for nutrition researchers and 
practitioners. AI allows for better outcomes in specific applications due to the storage and analysis of 
massive and complex datasets and its ability to recognize patterns and associations [8, 9]. In applications 
of machine learning, it is often the case that human intelligence is extended rather than replaced, as 
learning algorithms alter themselves to better assign data categories of interest. In the field of 
personalized nutrition, it is not entirely practical to assign a certified nutritionist to each person being 
considered because it would be both costly and time-consuming, reducing people's adherence to the 
prescription health plan whenever incorporated into a clinical trial. As the quantity of people involved and 
trial period raise, the construction of health plans needs to become more efficient. Therefore, with AI, 
machines become capable of learning and performing human intelligence tasks, and here, AI has the 
potential to become a powerful assistant to nutrition practitioners [10, 11). 

INTEGRATION OF ARTIFICIAL INTELLIGENCE IN PERSONALIZED NUTRITION 
In precision nutrition, artificial intelligence algorithms use special genetic and phenotypic data to create 
specific cells that express an individual's response to certain nutrients. Usually, this data is coupled with 
big data sources to identify food chemical components and additives and analyze their interactions that 
may influence health and performance. Artificial intelligence can help in treating people with specific 
nutrient requirements such as athletes and soldiers and improve food taste and catering within specific 
food production systems. Precision nutrition, which is an important extension of personalized nutrition, 
uses individual-specific information to create personalized nutrition recommendations. Using tools such 
as artificial intelligence, precision nutrition recommendations focus on food types, portion sizes, and diet 
patterns to enhance health, prevent, and treat existing medical conditions. Precision nutrition often 
combines genetic and phenotypic information with big data and analysis of interactions between food and 
beverage nutrients, non-nutrient components, and the individual during the pre- and post-meal 
consumption phases [12, 13]. 


DATA COLLECTION AND ANALYSIS 
Dietary collection and metadata extraction are essential to provide personalized data for precise dietary 
intake. However, traditional approaches for dietary assessment are based on self-reporting, which is 
subject to misreporting, under-reporting, and other biases. To prevent deviations from as-built datasets, 
such as extra salt added after rote intake interviews but unavailable prior to analysis, other available 
dietary data augmentation approaches are required. Nevertheless, insufficient labeled datasets hamper 
research. Users' dietary data can be extended using algorithms and sensors, allowing them to have 
permanent access to sound advice. Among current self-reporting approaches, FFQs and food diaries are 
time-consuming and reach temporal saturation during the interview process. However, the problems of 
food intake interviews can be addressed. The performance of retrospection technologies, such as 
smartphone food logs and food photography, is affected by recall, memory, record periods, privacy 
concerns, and installation and usage constraints, which limit their use. Efforts should focus on 
implementing more advanced fuzzy logic algorithms and rule-based systems, together with image 
recognition and deep learning technologies, for automatic metadata extraction. Furthermore, statistical 
methods will be used to assess the soundness and degree of under-reporting of the derived datasets in real 
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time. Future data collection should integrate cost-effective and convenient approaches and auxiliary 
dietary intake data sources to overcome the current problems with dietary consumption [14, 15]. 
MACHINE LEARNING ALGORITHMS FOR PERSONALIZED NUTRITION 
Machine learning algorithms for personalized nutrition can generally be split into four classes: clustering, 
prediction, classification, and deep learning. Clustering is used to form groups of individuals that share 
similar dietary intake or metabolic profiles. This class of reproducibility is not impacted by biological 
differences across individuals, which is a major point in personalized nutrition. K-means and hierarchical 
clustering are common algorithms used in this class. These algorithms first assign each individual to a 
particular group with an assumption of similarity and then use averages or some centers of the data 
points to update the group until convergence. The second class is prediction, which aims to predict key 
health outcomes or phenotypes of interest given dietary data, anthropometric, and genetic data. Ordinary 
least squares, support vector machines, and elastic net are some common tools that have been used for 
prediction analysis. This class is most useful to investigate the relationship between food intake and 
phenotypes of interest [16, 8]. The third class is classification of individuals based on health status, which 
involves using dietary, genetic, or microbiome data or a combination of these to determine groups of 
healthy and diseased individuals. Logistic regression, random forest, and support vector machines are 
some common tools that belong to this category. The fourth class of algorithms, deep learning, includes 
recurrent neural networks, convolutional neural networks, and generative adversarial networks. Deep 
learning has become a promising field for many bioinformatics problems due to its strong representation 
power and has also shown some initial success in food assessments. However, deep learning methods in 
personalized nutrition are still in their early stages and warrant further exploration [6, 1]. 


CHALLENGES AND FUTURE DIRECTIONS 
e There is a need to perform more RCTs for the development of robust DRI and AI methods. 


e AI and DRI rely heavily on genotype, phenotype, and medical data, meaning that the 
interoperability of all electronic health records of patients is of critical importance for both 
clinical trials and AI. 

e More interpretable AI models, methods, and algorithms are critically important for nutritionists 
to understand the root causes for dietary suggestions AI produces and accept them to provide 
patients with the best individually suited diets. 

e The granular data of all types across multiple scales of the human body and main data such as a 
wide spectrum of foods, and their forms, combined with spatio-temporal and individual-level 
validation instructions are of paramount importance. These data types will enable the correction 
of DRI and subsequent training for AI models with a greater number of facts, which in turn 
might contribute to better performance on real data. 

e Several ethical, legal, and human rights issues should be resolved before the wide 
implementation of AI because changes that are currently implemented and proposed are woefully 
inadequate. 

e The need to balance the mentality required before the use of more biomarker-driven dietary 
planning programs while remembering that for those with differing educational levels, both food 
access and food preparation for perceived palatability are medicinally important. Proper balance 
where fewer constraints are equally clinically efficacious will assist the public in a more 
personally responsible direction. 

e A wider discussion of what are appropriate nutrition strategies for problems and an assessment 
of methods that are helpful to assess diets to be prescribed for these issues. 

e This wider application should be part of the body of studies before the application of nutrition 
strategies in the field of obesity and type 2 diabetes occurs [ 17, 187]. 

CONCLUSION 
The potential for improving health and wellness through the integration of artificial intelligence with 
personalised nutrition is substantial. With the use of artificial intelligence (AI), personalised nutrition can 
advance to offer more precise, effective, and customised nutritional recommendations based on personal 
information including genetics, phenotypic features, and lifestyle choices. However, issues with data 
quality, ethics, and the interpretability of AI models must be resolved if AI is to fulfill its full potential in 
this domain. To enable the general adoption of personalised nutrition as a norm in preventive healthcare 
and chronic disease management, future research should concentrate on developing AI algorithms, 
enhancing data integration, and overcoming ethical concerns. 
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